Benign prostatic hyperplasia (BPH) is mainly caused by increased prostatic volume and smooth muscle (SM) tone. Non-muscle myosin II (NMM II) and SM myosin II (SMM II) play important roles in mediating cell growth and SM tone. Blebbistatin (BLEB, a small, cell permeable molecule which inhibits NMM II) has been recently suggested to inhibit SM contraction. The aim of this study is to investigate the effect of blebbistatin on regulating contractility and growth of prostate cells and to provide insight into possible mechanisms associated with these actions.
INTRODUCTION AND OBJECTIVES:
Benign prostatic hyperplasia (BPH) is mainly caused by increased prostatic volume and smooth muscle (SM) tone. Non-muscle myosin II (NMM II) and SM myosin II (SMM II) play important roles in mediating cell growth and SM tone. Blebbistatin (BLEB, a small, cell permeable molecule which inhibits NMM II) has been recently suggested to inhibit SM contraction. The aim of this study is to investigate the effect of blebbistatin on regulating contractility and growth of prostate cells and to provide insight into possible mechanisms associated with these actions.
METHODS: BPH-1 (human epithelia cell line) and WPMY-1 (human stroma cell line) cells were utilized for in vitro studies. For in vivo studies, 2-weeks of BLEB treatment was administered by direct injection to the rat prostate. Cell growth was determined by flow cytometry analysis and in vitro organ bath studies were performed to explore contractility of rat prostate. SMM isoforms, including SM myosin heavy chain (MHC) isoforms (SM1/2 and SM-A/B) and myosin light chain 17 isoforms (LC 17a/b ), isoform ratios were determined via competitive RT-PCR. SM MHC, NM MHC isoforms (NMMHC-A and NMMHC-B) and proteins related to cell apoptosis and cell cycle were further analyzed via Western blotting and Masson's trichrome staining was used to determine epithelium, SM and collagen content.
RESULTS: In vitro experiments displayed that BLEB could dose-dependently trigger apoptosis and retard the growth of BPH-1 and WPMY-1. Consistent with this in vitro effect, administration of BLEB to the prostate could decrease rat prostatic epithelia and SM cells via increased apoptosis. Western blotting confirmed the effects of BLEB on inducing apoptosis through a mechanism involving MLC 20 dephosphorylation with downregulation of Bcl-2 and upregulation of BAX and cleaved caspase 3. Meanwhile, NMMHC-A and NMMHC-B, the downstream proteins of MLC 20 , were found significantly attenuated in BPH-1 and WPMY-1 cells, as well as rat prostate tissues. In addition, in vivo experiments also demonstrated that BLEB not only decreased SM cells and SM MHC expression, but also lessened phenylephrine (PE) induced contractile force and altered prostate SMM II isoform composition, with upregulation of SM-B and downregulation of LC 17a , favoring a faster contraction.
CONCLUSIONS: Our novel data demonstrated that BLEB regulates myosin II expression and functional activity in vivo and in vitro. Thus, our study indicated that BLEB not only decreased prostate size (static component) but also changed the prostatic SM tone (dynamic component). In fact, increased prostate smooth muscle tone may drive urethral obstruction and LUTS. However, the efficacy of a1-blockers is limited to 50%, because non-adrenergic mediators including endothelin-1 and thromboxane A2 (TXA2) increase prostate smooth muscle tension in parallel to a1-adrenoceptors and may therefore keep urethral obstruction despite therapy with a1-blockers. Consequently, future options with highest efficacy need to target a1-adrenergic and non-adrenergic contractions at once. Recently, several compounds have been reported to inhibit adrenergic prostate contraction, but their effects on non-adrenergic contraction are still unknown. Here, we examined effects of RacGTPase inhibitors and of a Src family kinase (SFK) inhibitor on nonadrenergic prostate contractions.
METHODS: Prostate tissues were obtained from radical prostatectomy. Contractions were studied in an organ bath, where they were induced by the a1-adrenoceptor agonist methoxamine, the TXA2 analog U46619, or by endothelin-1.
RESULTS: Methoxamine, U46619, and endothelin-1 induced concentration-dependent contractions of prostate strips. Inhibitory effects of the Rac inhibitors EHT1864 (100 mM) and NSC23766 (100 mM) and of the SFK inhibitor AZM475721 (10 mM) on a1-adrenergic contraction were confirmed by inhibition of methoxamine-induced contractions by all three inhibitors. EHT1864 caused significant inhibition of endothelin-1-and U46619-induced contractions, which was observed at 0.1-3 mM of endothelin-1 (p<0.001 between EHT1864 and control group), and at 1-30 mM of U46619 (p<0.001 between EHT1864 and control group). NSC23766 caused significant inhibition of U46619-induced contractions, which was observed at 3-10 mM of U46619 (p<0.001 between NSC23766 and control group). NSC23766 did not change endothelin-1-induced contractions. AZM475721 did not change U46619-or endothelin-1-induced contractions.
CONCLUSIONS: From the three examined inhibitors, EHT1864 is the most promising from a translational view, as it inhibited TXA2-and endothelin-1-induced besides a1-adrenergic prostate contractions. This reflects divergent pharmacologic profiles of EHT1864 and NSC23766, Vol. 199, No. 4S, Supplement, Saturday, May 19, 2018 THE JOURNAL OF UROLOGY â e601 although both are Rac-GTPase inhibitors. In vivo, urodynamic effects of EHT1864, but not of AZM475721 may exceed those of a1-blockers. METHODS: Prostate tissues were obtained from radical prostatectomy (n¼122 patients). Smooth muscle contractions were studied in an organ bath, where they were induced by adrenergic and nonadrenergic agonists or electric field stimulation (EFS) after addition of solvent (control) or PLK inhibitor (SBE13, cyclapolin 9, TAK960, Ro-3280). RT-PCR, Western blot and immunofluorescence were performed for detection of PLK isoforms.
RESULTS: Noradrenaline and the a1-agonists phenylephrine and methoxamine (each 0.1-100 mM) induced concentration-dependent contractions of human prostate strips, which were significantly inhibited by SBE13 (1 mM) and cyclapolin 9 (3 mM). This inhibition was significant for different agonist concentrations, and between groups for nearly all agonist/inhibitor combinations (p<0.01, p<0.002, p<0.002 between SBE13 and control for noradrenaline, phenylephrine, methoxamine; p<0.002, p<0.02 for cyclapolin vs. control for noradrenaline, methoxamine). EFS induced frequence-dependent contractions, which were significantly inhibited by SBE13 (1 mM), cyclapolin 9 (3 mM), TAK960 (100 nM), and Ro-3280 (100 nM) (p<0.02 for SBE13 vs. control, p<0.03 for cyclapolin vs. control, p<0.006 for TAK960 vs. control, p<0.04 for Ro-3280 vs. control). Endothelin-1 (0.1-3 mM) and U46619 (0.1-30 mM) induced concentration-dependent contractions of prostate strips, which were not changed by SBE13 or cyclapolin 9. RT-PCR, Western blot, and immunofluorescence suggested expression of PLK1 in smooth muscle cells of the human prostate.
CONCLUSIONS: PLK inhibitors inhibit a1-adrenergic and neurogenic smooth muscle contractions in the prostate. A PLKdependent signalling pathway may confer divergent regulation of adrenergic and non-adrenergic contraction in the human prostate. + coexpressing mesenchymal stem cell population was previously identified in the stromal layer of the murine bladder which is altered after acute and partial outlet obstructions. We hypothesize that loss of Sca-1 + will inhibit the physiologic detrusor hypertrophy that occurs after obstruction leading to decreased compensatory function.
METHODS: 6-8 week-old male Sca-1 null mice and genetically unmodified (C57/BL6) mice both underwent surgical partial obstruction (PO) at the bladder neck. An additional cohort of Sca-1 null mice underwent sham surgery for comparison. Voiding stains on paper at 1, 2, and 4 weeks were analyzed for functional assessments of the bladder. Whole bladders were analyzed at 4 weeks by weight and distributed for histologic exam and RNA extraction. Bladder thickness and circumference were measured. Masson 0 s Trichome staining was used to calculate detrusor collagen to smooth muscle ratios and total smooth muscle content.
RESULTS: Comparisons were made between PO groups of Sca-1 null mice (Figure b ) and C57/BL6 mice (Figure c) , as well as between Sca-1 null mice who either underwent PO or sham surgery (Figure a) . PO led to increased bladder circumference in Sca-1 null mice (2.06AE0.42 cm) compared to the sham group (1.21AE0.25 cm) (p¼0.04). Mean bladder smooth muscle content in C57/BL6 mice was 0.83AE0.09 compared to 0.67AE0.10 in Sca-1 null mice (p¼0.02). Sca-1 null sham mice had a bladder smooth muscle composition of 0.88AE0.05 (p¼0.02). Lower collagen-to-smooth muscle ratios were also found in the C57/BL6 group at 0.23AE0.14 compared to 0.55AE0.25 in Sca-1 null mice (p¼0.03). Comparison graphs are shown in the Figure. CONCLUSIONS: Our findings suggest that Sca-1 + /CD34 + mesenchymal stem cells play a role in detrusor smooth muscle remodeling and hypertrophy after partial obstruction. Stem cell intact mice displayed increased bladder smooth muscle composition and decreased levels of collagen infiltration consistent with fibrosis compared to knockout comparisons. 
